A method based on fractal combined with Bior 3.7 wavelet is proposed to analyze atmospheric particulates' fractal feature. By the use of microscope, atmospheric particulate samples were taken into digital images. After a series of image processing including Bior 3.7 wavelet decomposition and reconstruction, and fractal-dimension calculation. Results indicate that: There is a inverse relation between particulates' fractal dimension and grain size. Larger the fractal dimension of particulate is, the higher content of fine particulate matter it will have; Smaller the particulate's fractal dimension is, greater its degree of sphericility is and smaller its specific surface area is; To a higher level
Introduction
Fractal has five basic characteristics: self-similarity, the tractability of structure, the irregularity of form, the iteration of generation, and the non-integer of dimension [1] . Because of the shape of environmental system is irregular and has the characteristic of random variation [2] , the fractal theory is applied in the study on the particulate matters in recent years [3] [4] [5] . YANG Jing .etc analyzed and studied the fractal characteristics of coal dust, and determined the relationship between the fractal dimension and the average grain size based on the laser grain size tester [6] . With MIP mercury intrusion test, HAN Ping .etc calculated and compared the fractal dimensions of cement-based materials in different shapes under different stress [7] . XIE Xianjian .etc studied the fractal dimension variation characteristics of waterstable aqqreqate under different eucalyptus grandis plantations, and analyzed the relationship between fractal dimension and soil properties [8] . The above researches discussed fractal characteristics for single particle, and seldom further analyzed image information. There is a profound intrinsic relationship between fractal geometry and wavelet transform [9] , so the microscopic image' fractal feature of atmospheric particulates collected from mainly related areas of Huangdao district is analyzed with the use of Bior 3.7 wavelet.
The Experimental Results and Discussion
Based on Matlab 7.0 environment, firstly the particulate matter digital image collected through a microscope was read into a tow-dimensional array; Secondly the image was grayed, and was decomposed into three levels by the use of Bior 3.7, then its detail signals were collected; Finally the detail signal's fractal dimension was calculated.
9 particulate samples are kitchen dust, road dust, biological incineration particulates, sea salt, coal dust, automobile exhaust, lime, cement, and soil. Their feature dimension and three levels' feature dimension are shown in Table 1 . 9 samples' physical information (grain size, degree of sphericility, and specific surface area) is shown in Table 2 . The detail signals' fractal dimensions are International Conference on Intelligent Systems Research and Mechatronics Engineering (ISRME 2015) shown in Table 3 . In Table 3 , H1: the first-level horizontal detail signal, V1: the first-level vertical detail signal, D1: the first-level diagonal detail signal; H2: the second-level horizontal detail signal, V2: the second-level vertical detail signal, D2: the second-level diagonal detail signal; H3: the third-level horizontal detail signal, V3: the third-level vertical detail signal, D3: the third-level diagonal detail signal. According to the Table 1 and Table 2 , the fractal dimension and the physical information of particulate matters were compared. And road dust grain size was slightly larger than the others, so this parameter was not in the discussion. Through quantitative comparison, we found that with the increasing of grain size, the fractal dimension decreased. As the degree of sphericity increased, the fractal dimension showed a fall trend. With the increasing of fractal dimension, the specific surface area increased. According to the Table 1 and Table 3 , the fractal dimensions of three-level detail signals were analyzed. We found that: the fractal dimension of first-level detail signal was bigger than that of second-level detail signal, and the fractal dimension of second-level detail signal was bigger than that of third-level detail signal; The fractal dimension of H1 signal was bigger than that of H2 signal, and the fractal dimension of H2 signal was bigger than that of H3 signal; The fractal dimension of V1 signal was bigger than that of V2 signal, and the fractal dimension of V2 signal was bigger than that of V3 signal; The fractal dimension of D1 signal was bigger than that of D2 signal, and the fractal dimension of D2 signal was bigger than that of D3 signal. It showed that the same-type detail signal's fractal dimension between levels also complied with the law of first level's is bigger than the second level's, and the second level's is bigger than the third levels.
Conclusion
1. There is a inverse relation between particulates' fractal dimension and grain size. Larger the fractal dimension of particulate is, the higher content of fine particulate matter it will have. 2. Smaller the particulate's fractal dimension is, greater its degree of sphericility is and smaller its specific surface area is. 3. To a higher level's detail signal of atmospheric particulates, the fractal dimension of this detail signal turns small. What's more, the H signal, V signal and D signal are the same as atmospheric particulates' detail signal. So, higher level's detail signal of atmospheric particulates includes more large diameter particles.
